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STATE OF CALIFORNIA
Department of Public Works Division of Highways
Materials and Research Department

FOREWORD

Laboratory technique for testing materials in
cement treated base construction 1s not yet nationally
standardized, However, certain procedures, bgesed on experi-
ence and information avallable to date, have been adopted
by the Materials and Regearch Department and are detailed
herewith for the guidance of the Resident Engineer and
acsistants 1n charge of such work.

The instructions for each test, or procedure, have
been bound in individual booklets, which, for convenience of
distribution are assembled nerewith in one folder as follows.:

A, Table of Quantitles of Materlals

B, Determination of Dry Weight per Unit Volume

¢, Instructions for Fabrication of Test Specimens

D, Determination of Optimum Moisture Content

E, GChart for the Ranid Calculation of Relatlve
Humidity

Th.e sketches and charts have been duplicated in
booklets C ¢nd D, This arrangement permlits the separate
use of each booklet as an integral set of instructlions.,

The information contained herein 1s intended pri-
marily for fleld use and no attempt has been made to descrlbe
all operations now being followed 1n the Central Laboratory.

While the instructlons for determining optlmum

moisture are included for use, if necessary, it 1is recom-
mended that this value be determined by the Central Laboratory

whenever possible,

VTV TasTtio.com

ity

s


http://www.fastio.com/

e
STATE OF CALIFORNIA

DEPARTMENT OF PUBLIC WORKS DIVISION OF HIGHWAYS
MATERIALS AND RESEARCH DEPARTMENT

-

I~ w e

TABLE OF
QUANTITIES OF MATERIALS

REQUIRED FOR THE

f‘ CONSTRUCTION OF CEMENT TREATED BASES

-«

March, 1942

S N fact
ClibPD www fastio.com


http://www.fastio.com/

- QUANTITIES OF MATERIALS REQUIRED FOR THE

CONSTRUCTION OF CEMENT TREATED BASES

The attached table of guantitles hes been prepared
in order to facilitate computation of the quentities of
cement and of soil or aggregate required for the construcw
tion of cement treated highway base COUISES.

The quentities shown 1n the table are based on &
unit volume of one cuble yard of treated and compacted Dase.

The extreme left hand colurm shows unit compacted
dry welghts of the treated material expressed in pounds per
cubic foot, ranging from 90 to 145, while the adjacent column

A shows the total compacted dry welght per eubic yard.

The remalning columns show the welghts of untreated
soll and the quantities of cement {in pounds and in sacks}
for each compacted unlt weight of the mixture with cement
contents ranging from 3% to 10% of the dry weight of the

untreated aggregate.
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STATE OF CALIFORNIA
Department of Public Works Division of Highwayvs
Materisls and Research Department

INSTRUCTIONS FOR THE
DETERMINATION OF THL DRY WEIGHT PER UNIT VOLUKE
OF A
COMPACTED ROADBED OR A NATURAL S0IL

March, 1942

INTRODUCTION

- There are frequent instences where 1t is neces-
sary to measure accurately the volume of shallow and
irregularly shaped holes in order to determine the unit
welght of natural soils or the compacted dry weizht ner
unit volume of material placed in a fill or roadbed, This
18 especlally true where gravel or coarse particles of rock
prevent the taking of undisturbved samples by mechanical
means,

In the construction of cement treated bases, the
degree of comp:ction is such amn important facter in control-
i ling the strength andg quality of the finished product that
frequent and accurate determlnation of the relative compac—
tlon 1s a very cscentiol part of the construction supervision,

Tre equipment and the operating procedure de-
seribed on tie following pages wes developed to facilitatke
the rapid arni accurate determination of the unit compacted
welght of ceunent treated bases but it is edqually well
adapted to tuae reasurement of the volume of holes of reason-
able depth and of not more than 10 ineh diameter in fills,
natural soil, rock, ete,

Sand {the welght per unit volume of which is known)
Iias been used for volume determinations with Varying degrecs
of success over a period of years., If the gand grains are

ClibPD www fastio.com
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of approximately thc same size, and are clean and well
rounded, excellent results can be obtained, provided abso-
lute uniformity of operation is maintsined at all times,
The major difficulties have been encountercd in securing a
constant rate of flow of the sand into the hole and in
leveling off the top of the sand to conform to the surface
of the ground without ecausing partial settlement of the
sand in the hole, or elsc loss of some of the excess sand.

In order to provide a uniform rate of flow of
sand into the hole and to eliminate the difficulties in-
volved in leveling off the surface of the sand, the
egquipment illustrated in the attached Sketch 3 has been
developed by the Materials and Research Department, Some—
what similar equipment, involving the use of an inverted
cone attached to a Mason Jar, or other container, and con-
trolling the flow of sand by means of a stopcock, has been
in use -in various localities for scme time, The equipment
herein described permite the use of larger sample holes,
and is sturdier and more convenient for field use than is
the case when glass Jars are uged,

EQUIPMENT

1 - Sand Volume Apparatus as shown 1ln Sketch 3,
consisting of: ' ’
a - Measuring Cone (Volume = 1/6 cu, ft.)
b — Overflow Vessel
¢ - Regulating Funnel
d - Auxiliary Ring

1 - Volume Measure (Volume = 1/6 cu, ft,) for use
in obtalning unit welght of standard sand,
(Also shown on Sketch 3)

1 - Bglance wilth a capacity of 5,000 to 20,000 gms.,
complete with welghts, {Ralance sensitivity
0,02%, or better)

1 - Oven or hot plate for drying molsture samples,

1 — Set of digging and cleaning tools, including
chisels, spatula, scoops, dippers, brushes, etc.

1 - Special carrylng case for the Sand Volume
Apporatus and miscellaneous tools,

CHiPD
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1 — Carrying casce for the Volunme Keasure,

1 ~ Toothed Hand Drill or Gutter. (Optional)
(Advantageous for fine soils but not effective
in the presence of coarse rock.)

A 8uOly of standardizcd sand, contalners, ete,

CPERATING PROCEDURE

The location chosen Tor a compaction test in the
treated base, or in natural ground, should, whenever possible,
have a plane and level surface, If other considerstions
nake 1t advisable to choose a location with a rough surface,
the top soil should be trimmed te as near a smooth and level
surface as is feaeible,

A hole, from 5 inehes to 9 1inches in diametoer is
cut or dug to the desired deoth.,. Extreme care is necessary
to make sure that a1l the soil remeved from the hole is re-
covered and placed in a container, Similar care should be
exerclsed to avoid picking up any soil from the surrounding
surface, Precautions must be taken agailnst loosening or
compacting the material in the walls of the hole. If a
rotating cutter, or auger, 1is used, the sildes of the hole
should be trimmed for at least 1/2 inch in order to remove
any material compacted by the action of the cutter,

A large piece of heavy paper, shecet rubber or
linoleum (with a hole in its conter placed on the ground
before starting to dig the hole, will often facilitate the
recovery of all excavated material.

If the molsture content of the soil in place 1is
desired, a covered water-tight container should be used for
the excavatcd material and the container should be kept
tightly covered gt all times except during the actual placing
of soil therein, The tare weight of the container (including
its cover) should be obtaimed before starting work and the
gross wet welght of the soil and container should be ob-
tained before the cover is removed,

Care should be exercised to remove and recover all
loose materlal from the sides and bottom of the hole, and to
avold any undue loss of time which might permit excessive
drylng of the soll in the exposed walls of the hole,

ClibPD
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Wh:n all excavated mzterial has been recovered
from the hole, the measuring funnel, or cone, 1s placed
over the hole, large end down, The overflow vessel is
get on top of the cone and rotated glightly %o make sure it
1s seated properly on the shoulder at the bottom of the
small cylindrical portion., Then the small regulating funnel
is placed in the top of the overflow vessel as shown in
sketeh 3. All parts of the apparatus have been machined in

- such a way as to insure their fitting together when assembled

in the proper manner,

At the time of the test, there should be on hand,
in closed containers or clean sacks, previcusly weighed
units of a standardized sand whose weight per unit veolume
has been determined by meane of equipment and methods
identical with those described in the present instructions.
One, or more, of these units of sand is next poured lnto
the hcle through the top funnei, The pouring is regulated
so that the small funnel is kept filled to within approximate-
1y 3/% of an inch of its top until sand begins to overflow

x at the top of “he measuring funnel. Pouring is immediately
stopped and the sand in the small funnel permitted to flow
until the upper funnel is empty, The small funnel is then
carefully removed and the overflow vessel, containing the

— excess sand, 1is again rotated gently to make sure it can be
1ifted freely from the measuring cone, Some settlement of
the sand in the large cone will occur as the overflow
vessel is rotated, but the exact quantity needed to 111
the hole and the cone has already been determined by the
original overflow, The excese sand in the overflow vessel
is returned to tne residue in the original contailner,

Care must he exercised at all times to avoid any
jarring of the apparatus during the filling wifth sand until
the small funnel has run empty. LT nearby construction
equipment causes any appreciable vibration of the ground,
the unit weight of the sand will vary from that obtained
by the standardized procedure,

The residual sand in the original contalner is

. welghed and the difference from the original quantity de-
termined. This difference represents the weight of the
sand in the hole plus the welght of sand required to fill

. the known volume of the cone, When the dry weight of the
soll removed from the hole has been ascertalned, the dry
welght per cu, ft., may be computed by either one of the
following formulae., (In order to obtain the greatest
possible accuracy, 1t is recommended that weighings be made

o
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to the nearest gram on palances sensitlve to 1 gram, or
less, Hence foruulae are for weights in grams.

T )

wt, of Sand Used
e ~453.6 . Vol. of Sand
Wt. per Cu.Ft. of Standardized Sand (Lbs.) (Cu, Ft,)

Vol. of Sand - Vol. of Cone = Vol., of Hole (Cu. Ft.)

A

[ 453.6 - Wt. in 1lbs, Dper Cu., Ft.
Vol, of Hole (Cu. Ft.) of Material in Place.

)

)

)

)

W, of Dry Soil : ~ ))
)

)

)

)
Wy, of Dry Soil (Gme) Wt. per Cu. Ft.
Wt, of Sand - Wt. of Sand 1n Cone (G, of Sand ’

- Wt., in Lbs, ©er Cu. Ft. of Méterial in Place

)
) B
)

_#_m_____)
The "Relative Compaction" may then be computed as follows:

e i et et

wt, per Cu, ¥L. 1D Place - ; .
Ttanderd Wt. pég_aﬁfﬂff. ¥ 100 = Relative Compaction

(By Laboratoery Compaction)

s_/"-_/\.-t’\—’

g

As stated earlier in these instructions, a sand
with rounded grains of nearly uniform aize gives the most
consistent results, but many 1oecal sands will be satisfactory
for use with the above equipment. A1l sand used in velume
measurements cshould be clean and dary, free from dust or

an excess of graing amaller than 100 mesh 1in gize and should
not absorb or lose molsture, appreciably, with changes 1in

+he relative humidity of the alr.

The Volume Measure ss included 1n each Sand Volume
outfit in order to permit the field determination of unit
weight for a standard sand. gee Sketch 3o Tn determining
the unit weight of a gand, the coneé, cylinder, regulating
funnel, etc., are set up on the flange of the measuring
vessel and procedure outlined aboVe ig followed. The
measurs has peen -designed to be of approximately the came

ClibP WAV fe
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’ slze as the ordinary hole dug in a cement treated roadway
base course, If the apparatus 1s to be used to determine
the volume of holes of a depth much greater than 12 to 15
Inches, the unit weight of the sand should be determined in
a vessel whose depth 1is approximately equal to that of the
holes to be measured,

By deducting the weight of the residual sand from
the total originally welghed out, the actual weight of sand
in the cone and the measure is determined, The unit welght
of the sand, in 1bs, per cu. ft. may be caloulated dy the
following formula;

Wt, of Sand (In Grams)

4o3.6 % Wt, of Sand in’
Vol. of Cone + Vol., of Measure (Cu,Ft.) Lba. per Cu,Ft,

L L LN

Al" "Series A" Sand Volume outfits have been
machined to n fixed identical volume of 1/6 cu. ft, (28%,0
cu. in,, or !'719.5 ml,) for the cone or the measure, Hence,
0 the unlt weight may be calculated as follows:

Wt. of ig;d6in Gramé x 3 = Wi, in Lbs. per cu.ft,

Chart II has been prepared to eliminate the need
for calculations, The unit welght of the sand may be read
directly from the curve when the weight required to f£i11 the
measure and the cone is known, If the unit welght of the
gand is known, the weight in the cone alone may also be
read directly from the curve.

The auxiliary ring is furnished for use lnside
the cone (see Sketch 3) if it i1s found advisable to use
small holes or to economize on sand. With the ring in place,
the volume inside the cone and ring is 1/7 cu., ft. and the
welght of sand required to f£ill the ring and cone may be
calculated as follows: -

wt. a £3 & - Wt, of sand for
t. of sand to fill Cone X 6/7 (or .&57) Cone ana rang.

The use of the ring in ordinary compaction tests
is not recommended,
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.The large pan furnished with esch outfit is for
use 1in recovering sand for reuse, It 1s slipped under the
cone before the latter is ralsed from the ground,

If care is used, most of the sand can be recovered
from the holes without contamination, If the soil is moist,
the sand shculd be dried before reuse,

A check standardizatlion should be run at frequent
intervals to make sure that the unit weights of the standard
sand are remaining constant, If used 1in any other manner
than with the apparatus described above, the unit weight
of a sand 1s apt to vary from that determined by means of
the Sand Volume Apparatus,

TIHPD
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SKETCH 3

SAND VOLUME APPARATUS

N
\\'\\\\\\\\.\\‘\\\'\\\\\\

Apparatus set up
for normal use

’
/
/
[
Y]
v
/
]
A
]
/
v
/A
’
A
/
4

L L L L R el L T T YT Ty

Volume Measure

Regulating Funnel

Overflow Vessel

Measuring Cone

Auxiliery Ring

Vil iAo/ N

Hole whoese volume 1is
to be determined.

Apparatus set up
when auxiliary ring
is used

Pour sand into the regulating
funnel at a rate which will

keep the funnel full to within
3/4" of top until sand begins

to overflow at top of measuring
cone, Stop pouring sand at in-
stant of overflow. Allow small
funnel to run empty before
touching apparatus. Do not Jjar
apparatug until sand flow is com-
pleted.

When apparatus is set on top

of volume megsuring for determina-
tion of unit weight of sand, be
sure there are no sand grains
under bottom edge of large cone.
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STATE OF CALIFORNIA

DEPARTMENT CF PUBLIC WORKS DIVISION OF HIGHWAYS
MATERTALS AND RESEARCH DEPARTMENT

INSTRUCTIONS
FOR THE
FABRICATION OF TEST SPECIMENS
OF
CEMENT TREATED SOIL

March, 1942
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STATE OF CALIFORNIA
Department of Public Works Division of Highways
Materlals and Research Department

INSTRUCTIONS FOR THE
FABRICATION OF TEST SPECIMENS
OF
CEMENT TREATED SCIL

March, 1942

INTRODUCTION

In the following instructions the term "soll' will
be used to denote not only natural solls, but also sereened
or crushed aggregates or any other combination of various
gilzed mineral particles proposed for use as e compacted road-
way base after treatuent with portland cement,

GENERAL INSTRUCTIONS

1. While widely different methods of combining the
soil, water, and cement to produce the treated mixture may be
employed according to c¢ilrcumstances, identical methods for
fabrication of test specimens are ugsed whether in the field
or in the laboratory. Hence, it will be assumed that the soil
Has Deen thoroughly mixed with the proper amounts of portland
cement and water and that the mixture is ready for compaction.

2. Irasmuch as 1t has been found impracticable to
fabricate uniform or properly compacted test specimens of
cement treatec soil in standard 6" x 12" concrete cylinder
molds, special methods have been developed and should be used
for all projects involving cement treated base or any lean
mixture requiring compaction on the street.

3, The procedure and equlpment are described below
and consist essentlally of tamping and compressing the cement
treated mixbture in cylindrical metal containers 4" in diameter
and 4" high,

4., The presence of rock particles larger than 1" in
size in test speclmens with a 4" dlameter and 4" height 1s apt
to result in erratlc and erroneous test results, Hence,
whenever coarse rock is present, the samples of treated soll
should be screened through a 1" square mesh sleve to remove

oversize material,

5., The number of control test specimens to be made
sach day should be determined by the Resident Engineer with
due regard for local conditions, operating methods, quantlty

ClibPD
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7. All samples should be placed immedisately in closed
containers, (6" x 12" concrete c¢ylinder cans for example),
Transported to the point of fabrication and made into speci-
mens with the ogst possible delay in order to avoid any loss
in possible compaction due to delays in handling the sample.
Protection against the evaporation of molsture from the sample
should be maintained at all times.

8, By reason of the equipment involved, a central room
or shed for the fabrication of specimens is recommended, On
some projects, however, the installation of fabricating, welgh-
ing and drying equipment in portable housing might be justified,

EQUIPMENT

9. The resident engineer should see that the following
items of equipment, needed for the fabrication of test specl-
mens of cement treated soil, are on hand.

1 - Balance with a capacity of 5000 to 20,000 gms, and a
sensitivity of 0,02%, complete with welghts,

1 - 4" Compaction Mold similar to the one shown on the
attached Sketch 1, page 7.

1 - Tamper as shown on Sketch 1, page 7.

1 - 3-7/8% Metal Dise with 1/8" hole in center, also
shown on Sketch 1, page 7.

1 - Measuring gauge as shown on Sketch 2, page 8, equip-
ped with an Ames dial gauge reading to 0.00l",

1 « 12 to 20 Ton Hydraulic Jack, mounted in a 30" Com-
pression Frame as shown in Sketch 4, page 9., (For
leboratory work a Compression Testlng Machine
usually replaces the above jack).

1 - Hot Plate or Oven capable of drying samples for
Moisture Determinations. Milscellaneous small tools
and equipment, including pans, brushes, scoops,
spoons, spatulas, wrenches, funnels, etc.

1 ~ Speclal Bench Vise for holding Compaction Mold,

1-3 - Gross #5 x 1/2" Oval Headed Brass Wood Screws.

50m250%- Numbered Identification Discs (Copper Burrs)
(Speclal series for each project).

50=250%~ 4" x 4% Special Tin liners complete with caps.
25-50%#«~ Shipping Cartons for shipment of test specimens.

3% Dependent upon size of project and anticipated number of
specimens to be made,
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25 -~ 6" x 12" Concrete Cylinder Cans with 1lids,
—~ 5 - Doz, 10 yd. rolls of 1/2" Adhesive Tape,
Record Forms, fucl and miscellaneous suﬁplies.

. QPERATING PROCEDURE

10. Immediately upon its arrival at the point of
fabrication, the sample of cement treated soil should be
thoroughly mixed, then divided Into the proper quantities for
test speoimens and molsture samples which are accurately
welghed out. Moisture samples should be large enough to in-
sure an accurate representation of the treated material, pref-
erably 1000 gms., or more, especially if coarse rock is present.
Care should be exercised in drying the molsture samples to
avold overheating, but, at the same time, to obtailn thorough
drying.

1l. The welght of treated soil for each compaction
specimen may be obtained from Chart 1, page 11, in accordance-
with the detailed instructions on page 10,

12. In separating the original samples for moisture
L samples, test specimens, ete,, specilal care must be exercised
to meke sure that each smaller sample contains the same pro=-
portion of fine and coarse material as did the original sample,

¢

/"-R

13. The material for both moisture samples and test
specimens should be weighed to the nearest gram and weighings
should be made as rapidly as possible to avold loss of molis-
ture, Ordinary baking pans, approximately 9" x 5" x 4", make
convenlient weighing pasns for use on Cenco balances., If a
counter-weight for the empty pan is made by placing sand or
shot in an 8 ounce (4" dia,) asphalt tin, weighing is facili-
tated and chances of error are reduced, All material for test
apecimens should be protected against logs of moisture after
welghing and no delay should occur between welghing and fabri-
cating.,

14, TFor the fabrication of test specimens, the 4"
mold is assumbled with the tin liner in place and the plunger
held one space from the bottom by means of the pin, (For some
soils 1t may be necessary to hold the bottom plunger further
from the end of the mold in order to prevent the rim of the
mold from coming in contact with the shoulder of the plunger
before compaction is completed., In such cases, insert the
pin through successively higher holes until satisfactory re-
sults are secured). The extenslon sleeve 1s placed on top of
the mold, then approximately half of the wel ghed sample 13
poured in, If rock larger than 1/4% is present, the treated
so0il should be rodded to prevent voids on the bottom or sides
of the specimen, This layer is then tamped with the sma}l end

- of the tamper until a degree of compsaction 1s reached which
i1s roughly equivalent to that obtalned by a sheepsfoot rolleﬁ.
Usually the small end of the tamper will penetrate about 1/2

ClibPD www fastio.com


http://www.fastio.com/

2

of material processed each day, etc. A minimum of two speci-
mens per day 1s recommended,

6. In deciding on the number of daily test specimens
and whether the sample should be taken from the plant or the
street the resident englneer should keep the following facts
in mind:

a, Specimens compacted immediately from freshly mixed
material secured at the mixing plant are necessary
to fix the stendard unit compacted dry welght; that
is, the welght per cublc foot representing the best
compactlion obtainable under the most favorsble con-
ditlons. These specimens should be made often enough
to furnish an accurate average as a basis for cal-
culating the relative degree of compactlion actually
secured on the roadbed, These plant samples will
indicate any changes in materials or uniformity in
mixing which may affect compaction,

b, With most soills under ordinary weather conditicng a
- time interval between mixing and compaction will have
a definite influence on the degree of compaction ob=-
tainable, Hence a certain number of test specimens
- should be fabricated from samples taken from the street.
g These samples should be taken just as the contractor's
compaction operation is started and a comparison be-
o tween the average unit dry welght of street samples
and the average unit dry weight of plant specimens
will show 1f delays in the contractor's operating pro-
cedure are having a detrimental effect on compaction
and consequently on the strength of the base,

¢, Tests for compressive strength on specimens manu-
factured by the fleld engineer can be taken to indi-
cate the quality of the actual base 1f compacted to
the same degree, Test specimens madé from plan
samples serve to establlish a standard for each pro-
ject and compactlon tests made with the sand volume
apparatus on the completed base will show the degree
of compaction obtalned and by comparison with the
plant sample indicate whether the speciflcation re-
quirements are being met, In other words, compacted
specimens from the plant may be taken as 100% com=
paction; differences in density and strength between
plant specimens and street specimens probably are due
to delays 1n compaction; differences between street
specimen density and pavement denslty indicate lnade-
quacies in the contractor'!s compaction equipment;
differences between plant sample densities and den-
sitles on the roadway indlcate the degree to whilch
the contractor is achieving desired results, and fail-
ure to do so may be caused by delays in stariing conm-
pacting, inefficient compaction methods or improper
moisture content.
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at the desired degrec of compaction, Care must be taken to
avold the formation of a smooth compacted plane at, or near,
the top of the first layor, The remainder of the soll 1s then
gdded and the tamping, or the rodding and tamping, repeated,
When the proper stage of compactlon is again reached, the top
is leveled off and lightly compacted with the large end of the
tamper. Care should be exercised to have the finished top
surface on an even planc at right asngles to the axis of the
mold, d%fter hand tamping is completed the extension sleeve is
renmoved,

15, Thon the perforated disc 1s placed on top of the
compacted soil, a small hole punched in the specimen through
the center opening and the dlse removed. One of the small
oval headed serews is inserted in a small numbered copper
ldentification washer, or burr, and pushed into the center hole.
A numbered series of such washers should be obtained by reg-
ulaition from the Headguarters Laboratory for sach project
in order to insure accurate identification of all specimens
recelved for testing. Next, the top plunger is placed in posi-
tion and the eatire assembly placed on the hydraulic jack in
the compression frame, If necessary, one or more of the spac-
ing rings are placed between the top plunger and the top of
the frame to prevent excessive travel of the jack. The pin
holding the bottom plunger in place 1s removed and a total load
of 25,000 lbs. is applicd gradually, using one minute to at-
tain the first 20,000 lbs., one~half minute for the next 5,000
lbs. and holding the 25,000 lbs, load for one minute, Then
the load is released, the mold placed in the vise, the plungers
taken out, the mold opened and the speeimen iIn its tin jacket
removed.

164 The specimen and contalner are immedlately welghed,
end the length is measured as shown in Sketch 2, page 8, using
the top screw as a gauge point, See also detailed instructions
on page 19,

17. The specimen identiflcation number, whether plant
or strecet, location from whleh the sample was obtained, @eight
and length of the specimen, and data from the correspondl?g
moisture sample are recorded on the daily sample fabrication
sheet in accordance with detailed instructions on pages 18=21
and examples on pege 22. Then tin caps are placed on each end
of the sample, flrst wrapping tape around the ends ?f the con-
tainer to obtaln a good fit for the caps, The specimen number
is marked on the container wlth wax pencil before it isestored
away for curinz and shipment to the laboratory for testing,

18, A3 soon as the moisture sample is thoroughly dry
1ts weights are recorded and the dry weight of the specimen
1s calculated. From the dry welght and the accuratel y meas-
ured length of the specimen, the equivalent compacted dry
weight in pounds per cubic foot may be read from the attoched
converslon charts, as per instructions on page 12,
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19, Ia order to avoid possiblc errors in the mcasure-
ment of speclmens, due to a change in the setting of the gauge,
a standard stecl callbration bar is provided with each unit.
The length of the bar should be read on the Ames Dial at the
beginning and end of each day's work,

20, With a bar 4,000" in length, the dial reading
should be ,500, If the reading is not within ,001 of .500,
the gauge should be adjusted so as to bring its reading within
the sgpecified limits,

2l. Specimens should be shipped to the Laboratory on
the second day following thelr fabrication but, if transporta-
tion condltions from the project to the Laboratory are such
as to prevent the recccipt of the sample on, or before, the
morning of 1ts sixth day, shipment should bc made on the day
following fabrication, Collapsible shipping cartons, holding
4 specimens each, arc avallablc for use, but shipment should
not be held up in order %o obtain a full carton each time,
Corrugated metal shipping containers intended for concrete
eylinders should not be used for cement treated base speclmens
because of unnecessary transportation expense.
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SKETCH I
COMPACTION MOLD and ACCESSORIES

\

N\

N Extensi

N ension
s Bleeve

N —

N

N

\

#r

Z

? - 8plit Mold
éi

2 ®)

Tin Liner

ey

Z

2 Upper

? Plunger

ﬁ Bottom Plunger

/

[\ —-——l—
Perforated
Centering

Dieo

Compaction Mold - Hinged Holt Type

Keop the mold olean and fres from dirt or rust at all
times. Oresse lightly when not in use. Pay espeoial at-
tention to olesning all contaot odgnl, 2AY gnd the square
shoulders of thes recessed portion c*.

To assemble: FPlace the half to whioch the bolts are
attached in the vise (which is furnished with the mold)
so that the upright jaws of the vise grip the center of
the lugs “B'. Place a liner in the recesses section and ro
tate the liner to make sure 1t fites and is properly seated
Put the other half in place, making sure thet the edges "’
are in contaot hefore tightening boltas. Set up nuts by
hand, being oareful to tighten both sides svenly. Bring

nuts to snug fit with wrench. Do not put any strain on

them.

Tanpe?r
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SKETCH II

GAUGE FOR MEASURING LENGTH OF COMPACTED SPECIMENS

P

(} “-Ames Dial Gauge —* ﬂ

Specimen Specimsn

=
=

A = & & =

When measuring compacted

specimens of soil, make sure

that the raised disc on the base

%:<:> cm of the stand ia clean and that

\> 4 no loose material is adhering to

the bottom of the specimen.

Rest the extansion arm of tha

gauge on the rounded screw placed
in the top center of the specimen
o and move specimen alightly to
check the reading.

Add the guage reaalng to %.500" for actuul length or specimen.
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SKETCH TV

HYDRAULIC COMPACTION APPARATUS

S.

ek

e ded e Spacing Rings

Upper FPlunger

T sp1it Mold

|__—— Bottom Plunger
(Pin Removed)

S

Hydreauliec Jack
squipped with presaure
gauge
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ITNSTRUCTICON SHEET
F'OR
CONVERSION CHARTS I'OR 4" x 4" SPECIMEN

Tn order to eliminatec the nccossity for scparate
volume and welght calculations for cach 4" x 4" speccimen, a
sorics of charts (A to E) have beon preparcd so that the com-
pacted dry welght, expresscd in pounds per aubic foot, can be
road dircetly from the chart when the length and dry welght
of the specimen arc known, Theo charts cover lcngths from
5,780" to 4,240" and unit compacted welghts from 85 to 158
pounds per cublc foot,

The ordinatos of the chart reprosent length of speel-
mon in 001" incremcnts and the absclssac ropresont the dry
weights of spcclmens in grams,

After the specimen length has bcen measured by means
of an Amos dial or a micm meter gauge ond the dry wolght cal-
culatod from the not wet weight and the moisture content,
follow tho lincs indicating thosc respoctive values to thelr
point of interscction. The inclincd line immediatoly to the
1oft of tho point of intorscction will show the wholc number
for the unit welght, cxprossocd in pounds per cuble foot and
the tonths of a pound may be ostimated by intcrpolation of

the point of interscetion with respect to the adjaccent in-

clined lincs.

ChhPD
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INSTRUCTION SHEFRT

Chart I

Chart I has bcen designed to eliminate the calecula-
tlons involved 1n determining the total wolght of dry or
molst material required for onc 4" x 4" compacted specimen
of soil, at various compacted unit welghts and molsture con-
tent s,

In Chart I thce ordinatcs represcnt the moisturc con-
tent of the soll, expresscd as per cent of the dry weight
while thc abscissa show the weight of matcricl requlred for
one compacted 4" x 4" gpeeimen, The inelined lines show the
unlt compacted dry wceight, cxpressed in pounds per cubic foot,

If a particular compacted welght per foot is anti-
cipated, the linc roprescnting the weight is followed to 1ts
intersection with the horizontal line indicating tho known
or estimated molsturc content. The vertical linc passing
through this point of intcrsection will show the total re-
guired weight of material including the moisture, If no cluc
cxists as to the unit compacted welght, an cstimate of fhe
welght must be made and the above procedurc followed, If the
length of the speeimen produced by use of the indicated
weight of material is not within ,200" of 4,000", then the
cstimate of compreted welght is revised in the light of the

results from trial spocimen and the process repeated.
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Welight per Cu. Pt. for 4" Diam. Test Specimens
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FABRICATION OF TEST SPRCIMENS, CONTINUED
DETAILED INSTRUCTIONS FOR
WETGHING, HMEASURING AND RECORDING DATA

Attached hereto, as page 22, 1s aen illustrative sample
of Form T-333, "Fabrication Record For Field Tess Specimoens,
Cement Treasted Basge Construction," on which typical entries
have been mare in red. The various columns have also been
numbercd at the top snd the bottom of the page to facilitate
reference to them in these instructions,

The contract data has been partially copled from an
actual job record and the first two lines are self-explana~
tory. The third line shows the aprroximate average percent-
age of material passing the 1%, the #4, and the #200 sieves
as well as the name of the individual making the test specimen.
It is not Intended that thls line shall show the exact grading
at any one particular time but instead thet it shall repre-
sent the approximate dally average, If a part of the aggre-
gate 1s coarser than 1%, the maximum size should be noted in
the open space above remarks In column O, Until revised forms
containing space for that information are availlable.

COLUMN 1

Column 1 1s headed "Specimen Number" and is for re-
cording the identification number of each test specimen. In
order to avoid pogsible confusion or grror,a speclal code
letter,or letters, 1s assigned by Headquarters Laboratory to
sach cement treated base project and a quantity of small cop-
per burrs are stamped with both identification letter and
consecutive numbers, These identification washers will be
furnished to the resident englncers upon request, and should
be ordered by him in advance of actual construction.

In th: example shown, letter "E" was assigned to
Contract 28VC: and individusl specimens No., 96-E and 97-E and
98~E were fabricated on the day illustrated.

The identificatlion washers are arranged in consecu-~
tive order on small threaded spindles, usually containing 50
each., One end of these spindles can be stuck Into a nail hols
or can be screwed Into a small base plate, also furnished to
sach contract, so that the spindle stands upright and the wash-
ers can be picked off in consecutive order as needed, One gf
the washers 1s placed in the top of each specimen as noted in
paragraph 15, page 5, The washers are¢ countersunk to receilve
the oval headed screws and care should be taken to insert the
secrews properly so that the identlfication numbers will be

uppermost on the flnished specimen,

COLUMN 2

Column 2 shows the per cent of cement by welght
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(based on the dry welght of the untreated aggregate) that is
actually added to the soll at the plant or on the road,

COLUMN 3

Column 3, headed "Sampling Data", is intended for re-
cording the place and time of seompling, In the blank under
"Station" should be shown the station at which the sample was
obtaincd and, 1In case of a dilvided highway, the right or left
half of the road, as the case might be., If the sample was
secured at the mixing plant, then the station recorded should
be the one at which the bateh from which the sample was taken
was subsequently placed in the road,

After "Time", should be entered the actual time of
taking the sample and after "At" should be shown whether the

samplc was taken from the street or at the plant,.

COLUNMN 4

Column 4, headed "Can No.", 1s for use in identifying
the moisture samples, In it should be entered the number,
letter, or mark, which identifics the pen or container in
which each molsture sample 1s placed.

CCLUMN 5

Column 5, headed “YWelghts", 1s for the entry of mois-
ture sample welghts, The gross wot weight should be deter-
mined and entered on the sheet immediately upon the removal
of the molsture sample from the rest of the treated material.
See paragraph 13, page 4. The gross dry weight should be
noted as soon as all the molsture has been driven off from
the sample and berore the dried soll can absorb atmospheric
moisture, The tare welght represcnts the weight of the con-
talner. If welghing pans provided with balanced counter-
welghts are used, the tare will be zero, The net dry weight
represents the actual weight of the dried soil and is obtained
by deducting the tare from the gross dry weight of the sample
and contalner. The loss 1s the differcnce betwecn the wet and
the dry weights (soil welghed in same contalner each time) and
represents the welght of water originally present in the sample,

The percentage of molsture ls based on the dry welght
of the soil and is obtalned by dividing the loss in weigﬁ%
during drying by the net dry weight of the soll after drying.

COLUMN 6

In Column 6, headed "% of Dry Weight", should be
entered the % of moisture for the soll, calculated as de-
seribed above. If two or more molsture determinations are
made on the same sample, thelr average should be caleculated
and entered as such in the same colum. Note 97-E.
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COLUMN 7

In Ceclumn 7, headed "Diwmensions, Weights, cte,", are
entered the appropriate data for each specimen, As soon
as the specimen has been wéighed,its length lg measured ac-
curately by mcansg of an Ames dial gauge mounted on a stand as
shown in Sketch 2, page 8, One of these gauges, complctc with
stand, ls furnished with each compaction outfit, The speci-
men is set on the ralsed dlsec of the basc plate with the small
screw in the top of the speclwmen directly under the point of
the gauge. The point of the gauge is brought into contact
with the top of the serew and the apeclmen moved slightly to
make sure the gauge 1s resting on the highest part of the
screw, Care rmust be exercised to keep the base plate and the
gauge clcan at all times, The gauge 1s read to thc nearest
0,001" and the reading recorded aftser the word "Gauge'" in
Column 9, The reading is then added to 3.500" and the sum is
recorded 1n Column 7 after the word "Length", For examples,
on page 22 a gauge reading of 0,530 on specimen 96-E 1s
equlvalent to a length of 4.,030" for the specimen.

The arm holding the Amcs dial 1s adjusted on the post
so that the gauge rends 0,500 wihien the polnt 1is placed on a
test bar 4,000" long, In other words, when the dial recads
0,000 tiie distance between the point of the gauge and the
base plate 1s 3.500%",

The specimen in its metnl slecve is we ghed to the
nearest gram immediately upon romoval from the mold. Any
frec water or loose soil adhering to the outside of the tin
sleeve should be wiped off before the weight is determined,
The weight of specimen ond its tin contalner 1s rcocorded as
gross wet weight in the space marked "Gr, Wt." The Tare
weight of the¢ sleeve {or liner) is recorded In the space
marked "Tare! and subtracted from the gross wet weight to ob-
tain the net wet welghs of thce compacted soil. The latter
flgure is cntered in the space marked "Net Wt," (Liners are
furnished by the Laboratory upon requisitlon and are marked
with their tare welghts be”ore shipment.)

The net wet woight of the compacted speclmen is
divided by 100 plus the per cent of moisture as determlned
above, (Column 6) to obtain the net dry weight which 1s
entered in the space marked dry weaight,

Charts A, B, C, D, and E, pages 13-17 inclusive,
have becn prepared to climinate the caleculations inVOlyed in
converting the net dry weight of the specimen Into equivalont
1bs, per cu. f£h, To usc the charts, find the ordinate cor-
responding to the uet dry welght of the speeimen in groms and
follow that ordinate to its intersection with the abscissa
corresponding to the length of the specimen. The point o?
interscctlon, read with reference to the hoavy inclined lines,
shows the correaspondlng valuc in 1bs, per cu, ft.

There will usually be a slight difference beotween

‘efipp
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the net wet weight of the compacted speeimen and the original
welght of sample used duc to small mechanical losscs of matee
rial, Each operator should note his average loss which,
however, should be under § grams,

When water 1s squeczod out of the treated soil during
compactiion the quantlty should be noted and cheeked by ob-
scrving the dIffceronce in welght botween the sample and the
compacted specimen, By deducting the normal leoss from the
total loss,the nmount of water squeczed out of the matorial
may beo estimated with reasonablc accuracy and tho water loss
80 cstimated should be entered opposite "HoO Out" in Column 9.
The welght of thi water squeezed out should be added to the
net wet weight of the specimen before caleulating its nct dry
welght becaure the nmoisturc content used for ealculation ropyr o=
sents the moisture in the soll at the start of compactlon and
not the resicual moisturc after part has bocn squeezed out.
Sec spcclmens 97-E and 98«E on page 22,

COLUMN 8

Tho compacted dry weight per eu, f£t., calculated as
deseribed above, is recorded in Column 8.

COLUKN 9

In Colurn 9, hcaded "Remarks, ote.", blanks have been
provided for the recording or sauple wolghts, gauge readings
and tho amount of water squeezed out during compaction and
the¢ proper entries in thosc spaces should be made as doscribed
above under Colwmn 7. In thc blank spaces any additional
remarks may be entcred,
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STATE OF CALIFORNIA
Departizent of Public Works Division of Highways
Materials and Research Department

INSTRUCTIONS FOR THE
DETERMINATION OF THE OPTIKUM MOISTURE CONTENT
OF A SOIL

March, 1942

When soils,or other combinatlons of various gigzed
particles of mineral aggregates, are mixed with different
quantities of water and then conpacted by identical methods,
one certain molsture content will usually produce a greater
density (as indicated by the compected dry weight of maleri-
al for a glven volume) than will be the case with any other
moisture content for the particular material under consider-
ation. The amount of water thus requived for maximum
compaction, expressed as per cent of the dry weight of the
riaterial, is commonly referred to as the "Optimum Molsture
Content" for that soll or aggregate,.

Different methods of compaction usually show
different moisture contentes as ontimum for the same material,
Tnerefore, the value for "Ontilum Moiasture' only applies to
a given method and desree of compaction., 1Ihe method outlined
below gives results wnich are comparable with those obtalned
on the road by ordinary construction equipment in use on
California highways and is the one used at the orecent time
by the Materials and Research Department in the study of

soils or ageregates proposed for use in cement treated bases,

Ty s term Msoll" as used in the following linstruc-
tions includes not only natural soils but also graded or
crushed aggregates and any other combination of various
sized particles proposed for cement treatment.

-
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Optimum moisture tests are made ustally on cement
treated, on untrested solls, o» on both, depending upon the
information desired, The method is the ssme 1n each case,
but, where treated soils are to be tested, the proper quan-
t1ty of port'and cement should be mixed with the solil before
the addition of water, If coarse rock (above No, 4 mesh) is
present in the sample, 1t 1ls usually preferable to mix the
cement with she minus No, 4 mesh portion of the sample.

The proper proportioning of soil, water, etc,, 1s
facilitated by the use of dry material but a moist sample
may be used if 1ts moisture content is known and 1is not
above that desired for use in the test.

No rock particles coarser than those which will
pass a 1" square mesh sieve should be used in optimum molst-
ure tests involving 4" diameter specimens, If particles
coarser than 1% are to be used in actual construction, the
quantity of rock between the No, 4 mesh and the 1" in the
portion of the sample to be used for optimum moisture tests
should be adjusted to compensate for the amount of overslze
screened out,

o~
The equipment recuired for ontimum molsture de-
terminations inciudes the following items:

1 -~ Esglance with a capacity of 5,000 to 20,000 gm.
and a sensltlvity of 0.02%, complete with
weights

1 - 500 ecc, graduated glass cylinder

1 - Cormpaction Mold, similar to the one ghown 1in
the attached Sketch 1, page 7

- 1 - Tamper as shown in Sketch 1

1 - Measuring gauge as shown in Sketch 2, page g,
equipped with Auses Dial reading to 0,00L"

1 - 3-7/8" diam. metal centering disc with 1/81

' hole in cgater
1 = Gross #5x1/2" Oval Headed Wood Screws
N
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1 - Mechanical ilixer or facilities for hand mixing
1 - 12 to 20 Ton Hydraulic Jack with Compression
frame, and Pressure Gauge, as shown in Sketech
or a Compreseing Testing liachine of 25,000
1bs,., or greater, capaclty

1 —~ Oven, or hot plate, for molsture determin-
ations

1 -~ Special Bench Vise for holding Compaction
Mold

Speclal llners for mold, pans, svatulas, spoons,
etc.

OPERATING PROCEDURE

If no previous data on the soll in question is
available, a trial initisl moisture content may be estimated
from the appearance of the soll or from its sieve analysis.
Usually tests are started with a moisture content below the
expected optimum., As a rule, an initial molsture of 3% to 7%
depending upon the type of soil, will give a good starting
point,

Chart I, attached, shows the dry welght, and the
moist welght, of material required for one 4" x UW specimen
for vsrying nercentages of moisgture and different compacted
dry weights. The dry weight o? soll, or of soil and cement,
used at the start of each test may correspond to the exact
amount shown on the chart for the estimated compacted weight
or may be in excess of the estimated weight, depending upon
the method of mixing to be used and the experience of the
operator. When no previous data 1s available, it 1ls advis-
able to assume sample quantities for the firet specimen on
an estimated 120 1bs, per cubic foot and adjust subsequent
gamples according to the indications provided by the size
of the 1nitiasl specimen.

Enough water is added to the sample to bring 1ts
moisture content to the desired trial amount, then the soll
and water are thoroughly mixed, If the exact estimated
weight for a compacted specimen has been used, all of the
mixture will be needed for compaction, but if more than the
required amount of soll was uscd at the start, then the gxact

®
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quantity of molstened soil indicated by Chart I, page 11,
fortghe estimated weight and moisture will be used for com-
paction,

If the sample contalns rock partiecles coarser than
No, 4 mesh {note paragraph 3, page 2} each individual
sample should be separated on the No, 4 gieve and the coarse
particles thoroughly saturated by immersion in water, The
water, or the cemnent and water, should be mixed with the
fine portion of the sample, as noted above, then the saturated
coarse material should be surfrce dried and uniformly mixed
with the fin:s before starting compaction.

The 47 compaction mold shown in Pigure 1 is set
up with the <in liner in place and the lower plston held in
position by the pin in the first hole above the bottom one.
Half of the proper weight of moistened soil is placed 1in
the mold and tamped with the small end of the tamper until
the tamper penetrates approximately 1/2% with each blow.

(It is the intent to accomplish, in the above tamping, a com-
pacting as near as 1s possible to that produced by effective
sheepsfoot rolling,) Then the second half of the soll is
added and the tamping with the small end of the tamper is
repeated, Care must be exercilsed to avold any loss of mater-
ial during transfer of the sample or 1ts subsequent tamping,
ete, After reaching the dcsired compaction in the top layer,
the surface of the sample is further compacted by a Tew blows
of the large end of the tamper, care being taken to secure

an even surface, at right angles to the axis of the mold,

If coarse rock is present, each layer should be rodded with

a 3/8" rod 15 to 30 time before tamping in order to eliminate
large voids,

An oval, or a round ncaded, #5 x 1/2% wood screw
1s inserted for a gauge point in a small hole punched in the
center of the upper surface of the specimen, using the per-
forated disc to locate the center, after which, the upper
plunger 1s placed 1n positlon. The assembled mold is then
placed in the compression machine, the pin removed from the
lower plunger and pressure applied,

Th> load is applied gradually, usling one minute
to bring the total pressure on the gpeclmen to 20,000 1bs.,
one-half minite more to raise the load from 20,000 to 2h,000
1bs. and then holding the 25,000 1lb, load for one minute be-
fore 1t 1is released,

As soon as the pressure is relecased, the compscted

Sl
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speclmen (togother with the liner which now forms a container
for the specimen) is removed from the mold, weighed and then
measured for length as shown 1n Sketeh 2, Welghts, gross

and tare, and the lcngth of the spceimen are recorded on
sheets provided for that purpose, If water is squeczed out
during compaction, a notation is msde of the difference be~
tween the net wet weight of the specimen and the net wet
weight of samplc used., Then the tin jacket ig¢ removed from
the speclmen and the latter broken up and its molsture con-
tent determined by drying the entire speecimen,

If water has been squeezecd out of the specimen
during compaction and no aporeclable loss of material ocecurrcd
in handling cr compacting, the original net wet weight of the
sample placed in the mold 18 used in computing the moisture
content instead of the net wet weight of the compacted specimen,

A new sample of the soil is mixed with 1 to 2% morc
water than was used 1in the original test and the process 1is
repeated, Successive specimens are molded with increasing
water content until the mixture becomes plastic or loses an
excessive amount of water when under the compacting pressure,
(See note on next page.)

If the initlal specimen varied by more than 0,200"
from 4,000" in length, the weight of raw soil is changed so
as to bring the compacted specimen nearer the desired 4,000"
length, bearing in mind that successive specimens should be
more thoroughly compacted {ag the optimum moisture content
is approached) and hence will be shorter for the same weight
of dry soll,

The unit compacted dry welght of soils 1is usually
expressed in pounds per cubic foot, It is computed from the
net dry welight and the length of each compacted speclmen,
Conversion charts "A" to "EW, pages 13 to 17, inclusive, have
been prepared tc facilitate sucn computations, Detalled in-
structions for use of these charts are given on page 12,

The "Ontimum Moisture Content" is determined by
a comparison of the unit compacted dry weights oLtained with
varylng moisture contents, It is the molsture content which
produces the highest compacted dry weight, The most conveni-
ent method for its determination 1s to plot the results of
the various tests on a sheet of coordinate paper, using the
molsture contents (in % of dry weight) as abscissae and the
unit compacted dry welghts as ordinates, drawing a smooth
curve through the various pointse so located, The moisture

NSl
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content at which the peak of the curve occurs is considered
the optimum, If coordinate paper 1s nct available, the re-
sults may be tabulated and compared to obtain the same
infoermation.

A fresh sample of soil should be used for each
determination because many soils are altered by compaction
and repeated use of the same soll may lead to erroneous re-
sults,

Neote: With soils composed largely of granular particles,
comparatively free of clay or colloids, and esnecially with
clean graded aggregates, 1t wlll usually be found that
maximum compacted dry -eights are obtained when vater 1s
squeezed out of the specimen during the appllcatlon of the
static load, However, the watcr content which will produce
meximum compaction under the above condltions will at times
cause the tr2ated material to become quaky and to move under
the compactiig equiovuent used 1n sctual construcetion, Hence,
in the field, 1t may be necesgssry to use less than the
theoretical 'Optimum Moisture Content'", detcrmined as de—
scribed above, wiienever the bacse develops a dquaking or jelly-
like appearance under the rollers or other compacting
equipment,

In recommending the cuantity of moisture to be
sdded during cement treatment in the field, evaporatlion losses
due to climatic conditlons, methods of handling, etc., must
be taken into account and allowances made for such losses.,

‘ Lot
CIrPD

Wi fastio.com


http://www.fastio.com/

-

o~

7~

SKETCH I
OOMPACTION MOLD and ACCESSORIES

- Bplit Mold

Extension
Bleeve
—r—

S St NN NN 7Ty

Tin Liner
Upper
é Plunger
g Bottom Plunger
/
——J—
Perforated
Centering

Diso

Compaction Mold - Hinged Bolt Type

Keep the mold clean and free from dirt or rust at all
times. Orsase lightly when not in use. Pay especial at-
tention to cleaning all contact odﬁol, "A* and the square
shoulders of the recessed portion "0%,

To assemble: Place the half to which the bolts are
attached in the vise (which is furnished with the mold)
so that the upright jaws of the vise grip the center of
the lugs *B". Place a liner in the recessei section and ro
tate the liner to make sure it fite and is properly seated
Put the other half in placs, making sure that the edges "A
are in contzot before tightening bolte, Set up nuts by
hand, being oareful to tighten both sides avenly. Bring

auts to snug rit with wrench. Do not put any strain on

them.

Tazper
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SKETCH 1I

GAUGE FOR MEASURING LENGTH OF COMPACTED SPECIMENS

(} '-h—__-—ugaﬁw>‘“Alol

Specimen

-

Dial Gauge —>

Spacimen

€

&

5 =

=

When measuring compsctad

specimens of soll, make sure
that the ralsed disc on the base
of the stand ia clean and that
no loose material is adhering te
the bottom of the specimen.

Rest the extension arm of the

gauge on the rounded screw placed
in the top center of the specimen
and move specimen slightly to
check the reading.

Add the guage reaalng to 3,500" for actuul length ol specimen.

-
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HYDRAULIC COMPACTION APPARATUS

9.

i

LT iAo Spacing Rings

Y
{OHO]
©

Upper Plunger

T split Mold

. Bottom Plunger
(Pin Removed)

=

[

?

Hydraullc Jack
squipped with presasure
gaugs
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INSTRUCTION SHEET

Chart I

Chart I has boen designed to eliminatec thoe caleula-
tions involved in determining thc total woight of dry or
moist material required for one 4" x 4" compacted aspecimen
of soll, at various compacted unlt welghts and moilsture con-
tents,

In Chart I the ordinatcs roprescnt the moisturc con=-
tent of the soil, eoxpresscd as poer cent of the dry weight
while the abscissa show the welght of matoriol regquired for
one compacted 4" x 4" spocimen. The inclined lines show the
unit compacted dry wcight, oxpressed in pounds per cubic foot,

If a particular compacted weight per foot is anti-
clpated, the line represonting the welght 1s followed to 1ts
intersection with thc horizontal line indicating tho known
or estimated molsture contont, Thoe vertical lino passing
through this point of intersection will sﬁbw the total re-
guired wecight of materisl including the moisturc, If no cluc
exists as to thec unlt compacted welght, an estlmate of the
welght must be made and the above procédurc followed, If the
length of the spcecimen produced by use of the indicated
welght of material is not within ,200" of 4,000", then the
catimate of compactced weight is revised in the light of the

results from trial spocimen and tho process repeated,

TCIhHPD
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Chart 1

Molsture Content as % of Dry Wt.
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INSTRUCTION SHEET
FOR
CONVERSION CHARTS FOR 4" x 4" SPECIMEN

In order to eliminate the necossity for scparnte
volume and weight calculations for cach 4" x 4" spceimen, a
serics of charts (A to E) have bcen preparcd so that the com-
pacted dry welght, cxpressed in pounds per sublie foot, can be
read dilrcetly from the chart when the length and dry welght
of the specimen arc known, The charts cover longths from
3.,780" to 4,240" and unit compacted welghts from 85 to 1556
pounds pcr cuble foot,

The ordinatcs of the chart reprcscnt length of speel-
mon in 001" increments and the abseissac rcpresent the dry
weights of specimens In grems,

After thc specimen length has bcen measured by mcans
of an Amos dial or a micm meter gauge ond the dry wolght cal-
culatod from the not wet weight and the moisturc content, -
follow the lincs indicating thosc respoctlve valucs to their
point of interscetlon. Tho snelined line immcdiatoly to the
1oft of the point of intecrscction will show the whole number
for the unit wcight, expresscd in pounds per cubic foot and
the tenths of a pound wmaey be cstiuated by intcrpolation of

the point of interscction with rcspeet to tho adjacoent in-

clined lines.
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Welght per Cu. Pt. for 4" Diam, Test Specimens
Dry Welght of 8
o 25 (;h s C?ec%?enc}n gfamg

1160
1170
1180
119G
12
12
124
12
12
12

1290
& 1300
1310

o
t

1 1320

13

1330

120
o 121

HAl 4,240

4,220

T
T

4,200

i 4,180

4,160

14,140

4,120

11
1}

7 4,100

4.080%

o
" 4,0608
i ot

4,0405

[¥2]

44,0205
Q

4.0005.
n]

13,9805

54960

Height of Specimen in Inches

seyour

T 54940

3920

o

i O 0 900

5.880

= 3,860

5.840

HFRT O .820

34800

||||||

i ! . i
L H Al

1160
7
1180
1180
1200
210
220
230
240
250
1260
1270
1280
1290
1300k
1510

- s s
Dry Welght of Specimen in Grams
Oblique Lines Show Corresponding Welght in Lbs. per Cu. Ft,

1320

5780

1330

ChibPD

www fastio.com


http://www.fastio.com/

VWA Y wa M AL WA UV T MLAOG L & 4% 7

Welght per Cu. Ft. for 4" Diam. Test Specimens
Dry W
o 'L eiéghtoof %peciémenoin gramg
& ~ ¥ B
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40

b
[ —t

1330
1340
1350
?1360
137
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490
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T
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_4.060ﬂ
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i ; ; H4.0200
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"4.000g
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i 3.9805
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B
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i 5,940

34920
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713,880
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3,840
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1370
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— A
Dry Weight of Specimen in Grams

Oblique Lines Show Corresponding Welght in Lbs. per Cu, Ft.
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Welght per Cu. Ft. for 4" Diam, Test Specimens °

Dry Weight of Specimen in grams
S 8 g ¢ S 8 8 §r QO O o
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Dry Weight of Specimen in Grams

Oblique Lines Show Corresponding Welght in Lbs. per Cu. Ft.
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Oblique Lines Show Corresponding Weight in Lbs, per Cu. Ft.
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RELATIVE HUMIDITY,
CALCULATION CHART

The attached chart has been prepared for use in deter-
mining the apnroximate Relative Humidity of the atmosphere from
the temperatures shown by an ordinary Wet-Dry Bulb Thermometer.

The curves for each 10% of Relative Humidity have
been plotted from the data shown in Bulletin No., 235, published
by the Weather 3ureau of the U.,3., Department of Agriculture,
using the dry bulb temperatures ag abscissa and the differences
between the wet and the dry bulb temperatures as ordinaftes, All
tenperatures are shown in degrees Fahrenheit,

The values given in the Weather Bureau tables are
based on temperature differences obtained by means of a sling
psychrometer but are approximately correct for use with wet-dry
bulb thermometers,

Inasmuch as a barometric pressure equivalent to 27.0
inches of mercury is about the mid-point of probable ranges in
California and the relative humidity values shown in the table
for a 27.0 inch pressure are approximately the averasge of all
pressures, they have been used for the attached chart, The
following table shows typlecal variations in humidity for given
tenperature differences with pressures other than 27.0 1nches.

Except in extreme cases, the values obtained from
the attached chart will be well within the degree of accur-
acy possible under ordinary conditlons of observation with
varying wind velocity, etec.

When making wet-dry bulb temperature observations,
1t should be borne in mind that the air should be flowling
paet the thermometers at an approximate velocity of 10 feet
per second. If there is no wind, the proper effect may be
obtained by fanning the thermometers for at least one minute
before readilng.

. Relative Humidity for Varlous Temperatures and Pressures
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